NOTE: Heavy use of the material presented by Bevan, Meadows at the 2011 charm

workshop held in Beijing, also good talks by Rama, Neri et al, Sokolof ...and recent
presentations at Hawaii (Charm 2012)/ICHEP 2012.

This represents our first acknowledgement of a broad threshold programme within
the context of SuperB, but is by no means comprehensive.

Unfortunately recent events mean this should be revisited to explore in more
detail.
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SuperB QY

The SuperB Physics Programme o

» Over a number of years we have worked hard to develop a
solid, broad physics programme for running at the Y (4S),
higher Y resonances and at "low" energy.

Synergy with the energy frontier
Synergy with other flavour experiments

Wide reaching implications for model builders (once the data came
in).

» This solid physics programme was the result of hard work
by many people over many years:

experimentalist, hardware expert, machine folk and theorists all
contributed to this.

Many thanks to you all!

Adrian Bevan: QMUL
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superB QY

The SuperB Physics Programme

» The news of a few weeks ago was a shock to us all ...

» but the work we did is not wasted:
Highlighted in the detector TDR, and a number of other reports.

The high energy exploration will still be of use to Belle II as they
move forward.

The low energy ideas will form the basis of what we talk about over
the next few days, and perhaps form the core of a new experimental
concept as people move forward.

Adrian Bevan: QMUL



What is low energy and what has been
done so far?

Concentrating of work within our community so far...




What is low energy?

» Focus on thresholds that SuperB is (was) thinking about

Lack of D* mesons at these energies
has implications for the detector
design and B field strength (detector
configuration the same (or similar)

to 4S running).
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SuperC is also a Su nerT = SuperTC

Number of tau pairs at 7 — ¢ factory with £ ~ 107"

og(ete” — 7777) around the W (3770) peak

*Three obvious working points to start with
to balance D, Dg and T programmes.

Super charm-tau factory * Only two required to cover the physics.
» o.7(m;7) ~0.1nb £ :- ' - J
» o.7(¥(3770)) = 2.5nb E ) Va a3 g
» 0,7(4.25GeV) = 3.5nb (max) s | T g 9
» £ ~10% cm—2s71 ol . | . ]
> integrated £ = 7.5ab™" dan — —
> Number of 77 =2 2.3 - 1010 E| S ;
SuperB f ¢ rum | N ‘ H
> 0,=(T(4S)) = 0.92nb o= %JM‘%Wi B
» L ~10%cm—2s—1 , Ff—“’-f | 4—u1ﬁ& fiA - E
> integrated £ = 75ab™" - I R I 1“3cvs‘4(;3€‘/) °

» Number of 77 = 6.9-101°

Adrian Bevan: QMUL

Alberto Lusiani, Marcin Chrzaszcz Tau Physics at a tau-charm factory December 2, 2012 3/6
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A snapshot of work done over the past few years o

Low energy is a clean environment to do physics in.

A number of key D tagged events analogous to fully reconstructed B

measurements from CLEO-c - physics at the 4S.

out performed BaBar and
Belle... Many parallels in terms of analysis philosophy.

Quantum correlations to exploit.

What about detector What about rare TDCPV at
optimisation? decays!? threshold
Why do CLEO-c and Old CDR studies What can be done
BES Ill look like they assuming 100fb™" with /ab data sets?

do!?

Adrian Bevan: QMUL



A straw man physics programme

This is a starting point — will need to be refined

In many circumstances there are no detailed
estimates of precision attainable at low energy (yet)




Overview

| EW \ | Spectroscopy \
| CP \ | Precision \

[ ] [roeer

(Multiple energies to consider)

Physics
\'

| Machine \ Experiment | Detector \
I Tracking u PID I
Polarisation Calorimeter \
| Backgrounds \
| Luminosity \ Ao Bovan OMUL | Hermiticity I | Computing I

CM Energ

Asymmetry

See Francesco's talk later this morning



Charm

Time-dependent, rare, precision




C

u

Rare: What do we want to measure?

» NP sensitive processes

(or modes controlling theoretical uncertainties for these).
C

u \
u u
» Butlong distance (LD) interactions can obscure usefulness

of the short distance (SD) ones, so not always
straightforward to understand NP reach.

Adrian Bevan: QMUL
From Bevan @ Charm WS 201 |



What is rare?

» Whatis rare?

CLEO-cat{y(3770): 0.8fb1 ... sensitivity of a few x10->
BES Il at ¢(3770): ~10fb~t ... sensitivity of a few x1076
SuperB at y(3770): 500fb~1 ... sensitivity of a few x108

Two large jumps in data samples could change the perspective on rare
decays with time ...

SuperB will approach a single event sensitivity at ~10~° at threshold

BaBar/Belle at the Y(4S): ~0.5-1ab™! of data [60-1.2 x10° events]
SuperB/Belle II at the Y (4S): 50-75ab~! of data [60-90 x10° events]

Rely on D* tagged mesons, not always the best (but with 50 times
more data than at threshold)

LHCb:

Vast numbers in a hadronic environment: good for charged track final
states if channel can be triggered on efficiently.

Not so good with neutral final states (v's, y's, m%s etc.)

Adrian Bevan: QMUL
From Bevan @ Charm WS 201 |



What is rare?

» Whatis rare?

CLEO-cat{y(3770): 0.8fb1 ... sensitivity of a few x10->
BES Il at ¢(3770): ~10fb~t ... sensitivity of a few x1076
SuperB at y(3770): 500fb~1 ... sensitivity of a few x108

Two large jumps in data samples could change the perspective on rare

decavc with time

SuperTC is looking at ~3/ab at threshold, so

~10%° charm decays, may be able to reach a
SES of a few 107

1I1IUI U Udild UliIdIil dt U111l DOIIUIUJ

LHCb:

Vast numbers in a hadronic environment: good for charged track final
states if channel can be triggered on efficiently.

Not so good with neutral final states (v's, y's, m%s etc.)

Adrian Bevan: QMUL
From Bevan @ Charm WS 201 |
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D —

» Dominated by lon§ distance effects a
B(D” —vy)sp = 30><10 H

B(D° = ~vy)rp = (1.0£0.5) x10~8 Burdman/Fajfer

VMD model based calculations suggest a slightly larger BF.
Rate can be enhanced by New Physics.

» Rate is related to the rare di-lepton decay via:

B(D° — u "y )p = 3.0x107° x B(D" — )

» BES III would reach a limit of 0.5x10-7 with 20fb~1 of data.

» SuperB should be able to reach a sensitivity of ~10-7 (current limit from
CLEO <2.7 X 107°).

Should be good enough to place a strong constraint on the di-muon mode LD
contribution.

Potential backgrounds include m°n? nt’n, nn, charged semi-leptonic decays.

Adrian Bevan: QMUL
From Bevan @ Charm WS 201 |



D —

Search for the Decay D° to yy (previously presented at FPCP 2011)

Search for forbidden FCNC decay
Dominant background from D° to n’n’°
Branching fraction measurements for yy and n’n’ modes normalized to D° to K @’

D’ decays from D' used to suppress backgrounds along with pion veto (95% rejection 66% signal efficiency)

1

N(D"-n'n") L N(D"-yy)
"t €
B(D-n’n® S xB(D' - K3n°) B(D'-yy)= - xB(D"- Kin")
N(D'-Kin") N(Do—*K‘;'rro)
GK:”Q en"o
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Final Results (about a factm 10 improvement over previous lesults)
B(D°'->m°r®)=(84+0.1+0.4+0.3)x107*
-6
B(D’—yy)<24x10
June 23, 2011
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D — (T¢
» Expect a low rate in the SM.

SD contribution ~10-18 (Burdman et al.)
LD contribution related to D>vyy

B(D° — u"pu )p = 3.0x107° x B(D° — )

» SD contributions allow for possible NP enhancements:

arXiv:1003.2345

But we need to understand LD rate in order to interpret any signals
found.

Adrian Bevan: QMUL
From Bevan @ Charm WS 201 |
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D — 00

» Recent results from Belle:

g

Signal at 90% C L. EER D°—x*n EEE Combinatorial
25 v .

2

3 TABLE II. Summary of the number of expected background
Z 1: ) events (Npkg), number of observed events (N) in the sig-
E 1} nal region, the reconstruction efficiencies (eg¢ and €,,) of the
s i D° — ¢t¢~ and D° — 7T~ decays, the factors f and the
Z branching fraction upper limits at the 90% confidence level.
z D°—putu~ D°—efem DY —eFput

Nikg 3.1+£0.1 1.74+0.2 2.6 £0.2

N 2 0 3

€ee[%0] 7.02 £0.34 5.27 4+ 0.32 6.24 + 0.27

Enn[N0] 12424+0.10 10.7440.09  11.2240.09
1073 4.84(1 +5.3%) 6.47(1 £ 6.4%) 5.48(1 + 4.8%)
UL [1077] 1.4 0.79 2.6

182 1.84 1.86 i\f[s[ Geé./!)cz] .

» BES III expects to reach 2-17x10-8 with 20fb~1.
» SFFs should reach limits of ~1078. € @4S — need to estimate for CT
» LHCb expected to encounter a wall from systematic errors at ~

2.4 x 1078... they have a clean environment, so may push further

than we expected: should revisit this assumption.
Adrian Bevan: QMUL

arXiv:1003.2345
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D — uwlti™

» Inclusive branching fraction ~0.8x1078 [charged rate ~x2]

dl o o+ 0- GFQ me D (') off 2 2 .
——l = rp e (1-9) (|68 T mo)| + Cuol® ) (1+29)
N e 2 2
+12 C?H(mc) Re [ng ) 'H(mc)} +4 (1 - E) ,v“iff(mc) ]
+ -
e, u c,u Differential rate is

dominated by contributions

/ / from ® and W resonances.

/ / LD saturates SD effects, but
C u NP enhancements can be
clearly determined (away
from resonant structure).

|
|

+ LD contributions.

Adrian Bevan: QMUL
Burdman & Shipsey hep-ph/0310076



D — vv(+7)

» Helicity suppressed in the Standard Model

BF ~ 1.1 x 10730

The final state with a photon is much more copious: 10-14

Beyond the SM one could find significant enhancements
e.g. scalar particles such as DM candidates: PRD 82:034005, 2010.

Require either an isolated photon in the detector (), or

nothing ...
Experimentally challenging: backgrounds include
where both particles go down the beam pipe...e.g. D — K
V7Y has the added advantage of the photon (and smaller allowed
phase space for NP).
Also worth searching for the corresponding D, decays ... see next
topic.

+ Analogues for B, and K decays

Adrian Bevan: QMUL
From Bevan @ Charm WS 201 |



D — X, vv

» Similar to the invisible decay searches...

Can perform inclusive or exclusive measurements, both sets of
measurements will provide more information to constrain NP.

Analogy with B — Xvv
Similar interest for Dy — X vv
LD contributions should be small, and SM rate is tiny
B(Dt — X,vv) ~ 12x107*
B(D° — X, v¥) ~ 5x1071°

Blgl & Paul arXiv:1110.2862 Adrian Bevan: QMUL
From Bevan @ Charm WS 201 |
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D — X, ,vv

» Similar to the invisible decay searches...

Can perform inclusive or exclusive measurements, both sets of
measurements will provide more information to constrain NP.

Analogy with B — Xvv
Similar interest for Dy — X vv
LD contributions should be small, and SM rate is tiny

B(Dt — X,vv) ~ 12x107*
B(D° — X, v¥) ~ 5x1071°

* Large enhancements possible in NP models Constrained by B and K Physics

- Up to x1000 in LHT models wl
* Plausibly could reach ~10-8 with SuperB at j _ _
threshold, need to study potential for D* 2
tagged samples. S mf il
¥ mode is worth searching for as an . { ]
indication for CPV. » MTH Hhmm

Blgl & Paul arXiv:1110.2862 Adrian Bevan: QMUL o [T -16 -15 -14  -13 -12 -11
Log,,[BR(D -» X,»v)]



DEI;) — €+ Uy

» Complementary to BT — (T,
C A%
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2
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* Can also test lepton universality with
ratios of rates.

» Lots of excitement a few years ago because of a discrepancy with f,
from lattice ... unfortunately this was not a sign of NP.

» CLEO find:

<1.2x107%(90% C.L.)
(0.565 & 0.045 & 0.017)%
(6.42 4 0.81 +0.18)%

» which are compatible with SM expectations.

Phys. Rev. D79 052001 (2009)

Adrian Bevan: QMUL
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Majorana neutrino tests

1 E T T ""'I\.E- T I ' F‘?

» Rare charm decays could af i,":.f-*:';:f-”%hi’l}up
] . Eg . P : _) ...... : 1\4 ) *3
provide complimentary I TR DS e
. 3 8 .o /D= g
tests of the neutrino nature. | SRR - Dy k]
» Interesting if performed on o b De T I ]
a relevant timescale I ook W .
(compared with direct s .
searches for Ovf3f 0 ]
searches). 0 | ) Krme 4
10~ s -
10—10: . R R T B 1 R
0.1 1 5

m, (GeV)

A.Atre, T. Han, S. Pascoli, and B. Zhang, JHEP, 0905:030 (2009) [arXiv:0901.3589];
A.Atre,V.Barger and T. Han, Phys. Rev. D71, 1 13014 (2005) [arXiv:hep-ph/0502163]

Adrian Bevan: QMUL



T-odd asymmetries: D — K Knw

» Triple product (CP violating) T-odd asymmetries

c.f. KL,S — 7T+7T_6+€_

/ Search for CP violation using T-odd correlations.. \

O Consider the Cabibbo Suppressed D° decay:
D — KtK-ntn~

O T-odd correlations can be formed using the momenta of the particles:
e

Cr =pg+ - (Prt X Pr-) ‘

O Under time reversal T, we have Cr — —C7p. /

O Cp # 0 does not necessarily establishes T violation. / < /

O Consider also:
DO — KtK—ntn— K-
where we can compute:
Cr = p- - (Pr— X Prt)
O Finding:
Cr#—Cr

QI;[] lishes CP violation. /

5

Should be able to reach a
precision of a few 1073,

A o F(CT > O) — F(CT < O)
"7 T(Cr>0)+I(Cr<0)
1 o F(CT > 0) — F(CT < O)
T 7 T(Cr >0)+T(Cr < 0)
1 _
AT—odd,CPV — E(AT - AT)

Expect implications for the detector from this channel!

Adrian Bevan: QMUL
From Antimo Palano @ Warwick 2009
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Rare Summary

» Indication of luminosities required to reach 0.5% statistical
precision on different modes vs precision at 500fb1:

Channel Integrated luminosity Integrated luminosity precision with 500fb~?
(fb™1) (fb™1) (% stat.)
D’ - K~ et 1.3 33 0.03
D’ - K* etve 17 425 0.09
D° - et 20 500 0.10
D° — petve 45 1125 0.15
DT - K% "v. 9 225 0.07
DT — K*%Ty, 9 225 0.07
DT — 7roe+z/e 75 1900 0.19
Dt = pletu, 110 2750 0.23
DI — detve 85 2200 0.21
Df — Kletw, 1300 33000 0.81
DI - K*%Ty, 1300 33000 0.81

Adrian Bevan: QMUL
From Bevan @ Charm WS 201 |



Rare Summary

Channel

wQf

Sensitivity ) Great potential to search

D° —ete, D° — putp~ 1x10°8
D% — wl%ete, DY — 7Outp~ 2 x 1078
D° — npete™, D — nutp~ 3x10°8
D — Kl%e , D° — Kou*tu~ 3x 1078
Dt — ntete™, DY — ntptp~ 1x10°8
D° — e*pF 1x10°8
Dt — whe*u™ 1x10°8
D° — mle* T 2 x 1078
D° — netpu* 3x10°8
D° — K%*u¥ 3 x 1078
Dt — metet, DT — K etet 1x10°8
Dt —aputpt, DY - K ptpt 1x1078
Dt — m e*u¥, Dt — K- e*pu™  1x1078

for NP and understand the
rare branching fractions in
charm.

Threshold running will give
SuperB another angle, and
make it competitive
compared to the previous
generation.

Was not always the case with
4S for BaBar and Belle.

Adrian Bevan: QMUL
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Rare Summary

Channel

D —ete™, D° — putp~ 1x10°8
D% — wl%ete, DY — 7Outp~ 2 x 1078
D° — npete™, D — nutp~ 3x1078
D — Kl%e , D° — Kou*tu~ 3x 1078
Dt — ntete™, DY — ntptp~ 1x10°8
D° — e*pF 1x10°8
Dt — whe*u™ 1x10°8
D° — mle* T 2x 1078
D° — netpu* 3x1078
D° — K%*u¥ 3x 1078
Dt — metet, DT — K etet 1x10°8
Dt —aputpt, DY - K ptpt 1x1078
Dt — m e*u¥, Dt — K- e*pu™  1x1078

» Threshold

Sensitivity ) Great potential to search

for NP and understand the
rare branching fractions in
charm.

aing will give

Adrian Bevan: QMUL
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Precision Charm

» decay constants can be measured better at threshold than at the
4S: useful test of lattice.

3 Phase Bins 3620109-001
| Dalitz Plotis { -8
. - divided into
» Strong phase map in K.t 251 regions of 1
equal AS(x,y) |

Needed for gamma (GGSZ) o
Needed for charm mixing i

L
Dominated by CLEO result § i 4
BES IIl working on this measurement 1
0.5 - &
s
» precision Vg, ... + .... %o 1 2 3

M2(K )

6D=180°_®— 5p=0

With regard to the issue of precision mixing measurements (see Brian
Meadows) we know how powerful the D->K hh analysis is!

Adrian Bevan: QMUL



o Two improvements in mixing precision come from threshold data:

a Dalitz plot model . o Information on overall strong
uncertainty shrinks phase o, is added

."/ .\\.\ :\\», ~
W ah (y,) Kz’ (x"y)/ "'\, W nh (y,) {x ) K== (x'y')
W K (xy) 1-5 o fit contgurs \ Il Kh'h {x y) = K':: 2 Bra) K272 ()
K (x'? ) \ Kx (x y) o () Kz ()
pypon 2015 1-5 G it comours 1-5 ¢ fit contours
(a) Super B 4S 0"{/’ \ (b) Super B + BES Il ith 500 b’ at w(3770

2
PR
0 Xp 0.005 0 Xp 0.005 0 Xp 000s
zp = (z2?l2)x107% |gsm | 20 = (zz+42)x 1074 | | zp = (zz+£2.0)x 1071
yp = (zz+1.9)x 10~ ’ yp = (zz+1.7)x 1074 ’ yp = (zz+1.2)x 1074

Uncertainty in x,, improves more than that of y,
Charm Physics at Threshold,

21-23 October 2011 IHEP, Beijing Brian Meadows
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o Runni ng at V) ( 3770 ) CLEO c were Correlated D° decay rate divided by the incoherent decay rate

able to measure K-n* strong K7t I+ | CP+| CP-
phase: K7t GulRrd
cos bxcn = 1037031 £ 0.06  [CT] s o)
= e L e e I
-1 _ : () \
Main systematic uncertainty comes from b - oreosthe) 24 = AN I
n0 and n efficiency. A e | A | vt
X ] 1 1 1
o Including other D mixing results: "’ ** \ "
+11 +9 © due to mixing | CP conservation

Oe = 227 12 —11 full correlation

o(cosdgr) ~ +(0.01— 0.02)

- SuperB 300 fb-*: o(8xc) ~ (1 2)°

AND — the possibilities are that we can use
OTHER channels with knowledge of strong phases

Super B, Warwick, UK, 4/14/2009 Brian Meadows, U. Cincinnati




Time-dependent QC Decays — “Super D"?

 The moving CMS means we could measure time-dependent
(TD) strong phases resulting from D° mixing.

Leads to model-independent
time-dependent phase space

| X
‘ \ distribution.
1 m (ZGeVZIc“)\ "

m?2 (GeV?/c*)

3
_— ~
AR
Boost is ~same 2 | -

as for Y(4S)

m,? (GeV?/c?)

Is this possible or useful ?

Super B, Warwick, UK, 4/14/2009 Brian Meadows, U. Cincinnati
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Time-Dependent Charm

» Time-dependence of double tagged events: mixing/CPV
» More "conventional” CPV analysis approach

» If you want to do TD measurements in charm you will need
a vertex detector (and a boost).

Want a low mass tracking device - is that compatible with strip
detectors? If not what about MAPS?

To be discussed in the SVT parallel session this afternoon.

Also see talk by Inguglia in the physics parallel session tomorrow.

Adrian Bevan: QMUL



TDCPV in Charrmn

A. Bevan- G. Inguglia- B. Meadows:

*)Phys. Rev. D 84, 114009, arXiv-1106.5075 D™

*)"The Time-Dependent CP Violation in Charm"
G. Inguglia, Proceedings of “Les Rencontres de physique
de la vallee d'aoste” arXiv:1204.2303

I 1=lep=zZcpPyc I

AP ()= l“ph’“(tj)—l"”’""(tj)__A(H_ (D+Aw®)e* " (|nP—1)cos AM t+2 3 (1;)sinA M ¢
@ TP ()T (¢) (14|, F)h,/2+h R (2,
Remember from the mixing
Y , | Partofthis talk:
}'f: i eiq’mx A eiQ’cP - i eicP»flxe_Zi‘I’r Y_AM
p A if tree-dominated | P ' Ar T
A process J-"=f
cu triangle ViV )
ac=arg[v.—]=(_111.5i4.2)
V* V B -US cs
d Vo, V. |
T . B.= arg[#] =(0.0350=0.0001)
C ub Vcb us .CS
* - _vubvcb ( \0
Ve Vs y.=arg[—2 ] (68.4+0.1)
' ud ¥ od
G. INGUGLIA - CHARM 2012 — 5" WORKSHOP ON CHARM PHYSICS — 14/17 MAY, HONOLULU — Hawai' 1
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Recent Numerical Results on CPV parameters

! 4

P e Bc,eﬂ' X \ ‘
SuperB LHCb |Belle 11
Parameter U(3770) W(3770) T(S)| X ’ Cu tiangle
SL SL+K =« s i
Oénn = Targ(Aes) 5.7° 2.4° 2.2° 3.0° 2.8° -
Oorr = Cargrpr)| 3:5° 1.4° 1.8° | 1.8° Vi Ve .
2y 3.3° 1.4° 11 1.9° | 17° i & /V Ve
|—°0n= o”g“-xx |=00‘¢Y VlIS V(‘$
|Experiment/HFAG [oz(0 = £10°) |0 (0 = £207)|
SuperB [T(45)]
D’ 5 gte— 0129 0.06% . .
D' 5 KK~ 0.08% 0.04% Observation:
Super B [W(3770)]
D’ = xtx (SL) 0.30% 0.15% .
D° = ntx(SL 4+ K) 0.13% 0.06% 3/ab at the 3770 should result in errors
0 - . )y b . .
D’ K*K™(SL) 0.19% 0.10% twice as precise as the full Belle Il data set.
D° - K*K~(SL + K) 0.08% 0.04%
LHCD
D’ s xtx~ (1.1 1) 0.40% 0.20% ' ;
D kK- (11 Y| 0.22% P Don't k.now how well LHCI:'> will measure
Db+ atx” (50 ﬂ;b g) 0-153 O-Osgc the various final states: won't know until
D’ = K*K~ (50 b~ ")  0.00% 0.04% .
= - ‘ they have started to do the analysis (in
elle T1
D’ = ntx 0.14% 0.07% progress — should know in a year or so...).
D" 5 K'K- 0.10% 0.04% 5
'HFAG [ 0.20% | 21

G. INGUGLIA - CHARM 2012 — 5" WORKSHOP ON CHARM PHYSICS — 14/17 MAY, HONOLULU — Hawai'i 1
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Sensitivity studies: overview WO

e For y(3770) modes

» Extrapolate CLEOc yields (includes cross-sections and selection efficiencies)
» Correct by SuperB geometrical efficiency vs CM boost
» Evaluate triple Gaussian (TG) resolution function from FastSim vs CM boost

*For Y(4S) modes, extrapolate BaBar yields

» TG proper time resolution of ~0.15 ps (0.1 ps core)

Double tags @ W(3770)
Modes with D* tag @ Y/(4S)
used in this study

e Toy MC generator and fitter developed

> For now focus on 2-body decays
> the next step will be 3-body decays

CP- K |[IX
CP+ |X X XX
simulated datasets: CP- X XX
/75 Clb-] at Y(4S) Kot X XX
0.5 ab™! at W(3770)
1X XX
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Sensitivity: ¢=arg(q/p) W)

0,16 -
\ 4 Y W3770)
0,14 \ Y3770) Perfect res I
* Y(4S) Perfect res., mistag 2%
0,12 * Y(4S)  —
\ Y(4S) Perfect res.
0.1 Y
v
— v
& 008
B
0,06
0,04
0,02 -
.
0 L] Ll L] L) 1 L] T L] )
0,1 02 03 0.4 05 06 07 08 09 1
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Neri et al



Sensitivity:

o(la/pl)

q/p)

oY

0,07
v W3770)
|\ W3770) Perfect res
0,06 A
* Y(4S) Perfect res., mistag 2%
* Y(4S)
0,05 : N\ Y(4S) Perfect res.
0,04
v v
0,03
0,02
0,01 4
=
0 | L | ] L] T L )
0,1 0,2 0,3 0,4 05 0,6 0,7 0.8 1
By

Neri et al
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o
Summary: time-dependent studies for mixingkQyf

® Flavor tag at DD threshold provides identical time-dependence than at Y (4S) using D*

tagging, and less events, although in a different environment
* DD threshold is unique to provide CP, Kt and Ks7tst tags
® Variation of At resolution and geometrical acceptance vs CM boost was evaluated

® Estimated the impact on physics with 2-body decays
» Combined fit to all 2-body double-tags allows determination of x, y, arg(q/p), |q/p|
> Best sensitivity at W(3770) for intermediate boost, fy~0.3-0.6

Parameter Sensitivity @ Y'(4S) with time resolution, no Best sensitivity @ (3770) with time resolution
mistag. 75 ab! (By=0.56), no mistag. 0.5 ab!
X 0.017% 0.11%
y 0.008% 0.05%
A 0.8 48 4 Relative effect of flavor mistag
rg(a/p) -8 deg -8 deg similar at W(3770) and Y(4S)
la/pl 0.5% 3.7%

»error per ab' at W(3770) ~ 2 error per ab™ atY(4S) (2-body only, no mistag)
»error at W(3770) [0.5ab™'] ~ 6x error at Y(4S) [75ab '] (2-body only, no mistag)
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FastSim Studies
» Baseline SVT

DY — hth™

D° — Kgn”

resolution on At

® T
a
q1400j

S

z4 200;—

1000~
aou}
son;
400}

200(—

T

Entries

20476

Mean -0.004332

RMS

3.452

35

Entries/0.04 ps

—_ e n n w w

) 8 8 8 & 8 8
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o
=]
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Blue hist: 6 SVT layers Vs. Red 01246 SVT layers

RED =0, I, 3,5 MAPS

deltaz1

Entries
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Mean 0.009524

RMS

0.2626

Entries
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Mean  0.006985

RMS
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i
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WQf

(Gianluca Inguglia, QMUL)
4 Layers of INMAPS

Initial studies suggest it is possible
to do TDCPV measurements with
a 4 layer MAPS SVT.

—> Optimise X, of SVT for CT.
Discussion starts this afternoon.

Type 1:KS decays in beam pipe

o,, (event-by-event estimation)

Entries 20476

Entries 20153

T)’Pe 2 KS d ewee n laye rES,,,,ie! n,umS‘V;!: (event-by-event estimation) |

‘ . ‘ . _|Mean 00332 - - — - — Mean 2712
2 e e e 2840 8 ‘ ‘ ! Nams  ae1s| 28005 AMS  1.908
'_.300 v RMS 1.852 eg C ]
§ 31200 — 2 7001 { \ =
2, z C 1
sro (| ) - Type | |
{\Type I 1000 - 50“; 7
I, ] - 1 500" ‘ /T)’Pe 2 =
ype B N { 400 E
600 R u .
E L H[ 1 3001 =
400} s
E . J_J 1 200[-
= 200 A n . 100 —
I H.J L’: ] r "LF\J\‘ ]
A e T oln T I B e S ) ol U e et LT e
7 8 9 10 -5 -10 -5 0 5 10 15 0 6 7 8 9 10
o, [ps] At [ps] oy [ps]

Large RMS from Type 2 events
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Time-Dependent Charm

Optimal boost (for the 4S detector ~0.55)
Note that there is a boost factor vs polarisation correlation
Both studies agree that these measurements should be possible

Note: a lot of different final states to do TDCPV measurements in:
some work: D? >h*h~ and K.m® under study with FastSim (see
Inguglia tomorrow).

These measurements are possible for a tau-charm experiment.

Related final states will be required to control hadronic
uncertainties: we need these to interpret results in terms of the SM.

Adrian Bevan: QMUL
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Selection of interesting measurements at a few ab™ run at/near charm thres

Decay mode Expected precision
few 102 at90%C.L.

DY — u*u, e*e, etu,...

D* = a*vv, DO —= K% vv, Dt — " vv
Acpin DY — gt 1f

A,pinD—Vy 10°
cos (delta_kpi) and other strong phases [they improve

8D
1073

. 1d
measurements of UT gamma and D mixing] =
DY — X 1*I- (BF vs M(1*1')) TBD
aq; 15%
Interesting but limited in theoretical interpretation
* sin(2p,_eff) 2 deg
e DO vy 102 (~SM value)

Seems not competitive with other experiments or theory/syst. dominates at few ab™

X, y and CPV in mixing
f(D+)I f(DS)



Tau

LFV, CPV, Precision




YaY,

LFV The competition
» Belle Il expect to record 50/ab circa 2020/2021.

Can estimate tau sensitivity from their/our 4S physics programme:

» LHCDb have started to search for 3 track final states:
Not clear how this evolves as current analysis has some background.

Claims that this scales with luminosity are unclear... but the trigger
will be improved at LHCb, and they will get 5 times more data.

Then there is the LHCb upgrade that will be relevant on the

timescales of a SuperTC.

Observable/mode Current LHCb |\ SuperB Belle IT | LHCb upgrade theory
now (2017) 2021 (2021) (10 years of now
- 1

5fb~! a 50ab~! |running) 50fb~*
T DecX/s
T — wy (x1077) < 44 2. < 5.0
T — ey (x107?) < 33 < 3.0\ [< 3.7 (est.)
T — 00 (x10719) < 150 — 270 ||< 244 °|£ 2.3 — 8. <10 <24®

Adrian Bevan: QMUL



WO

VF searches at  — ¢ factory

T — 7y at 7—c factory

Should clarify which end of
107,° this range sits at!

» BR expected 90% CL upper limit for SuperB with 754b~! = 2.4-10—9

(SuperB physics reports)

» BR sensitivity of 7—¢ factory with 7ab™
A.V.Bobrov, A.E.Bondar, Search for 7 — py decay at=Supef c—7 factory, Nucl.Phys.B
(Proc.Suppl.) 225 (2012), arXiv:1206.1909 [hep-ex]|, (PHIPSI 2011 proceegings)

» Monte Carlo simulation of expected backgrounds
» less bkg from ISR than at T(4S) (see next slide)

» beam polarization provides additional benefits in sensitivity and New Physics
models testing

A SES of a few x 1077 would be an interesting target
for LFV if one could perform the measurement on a
sensible timescale.

Alberto Lusiani, Marcin Chrzaszcz Tau Physics at a tau-charm factory December 2, 2012 4/6




LVF searches at 7 — ¢ factory

ISR bkg to 7 — v reduced at 7—c factory

» 7 — py background from ISR photon + SM 7 — pvv decay

» at 7 — ¢ factory, ISR photon has lower energy than the photon from 7 — pu~y

» H.Hayashii, “Search for = — /e~y at the Super-r-charm Factory”,
Tau 2008 Workshop Satellite meeting on the Super r-charm factory

: 700
250 - 1053Gev | o L oo 800 H2CN 000 4 oev
. WLL,HH 600 £ [ LLI’L.,‘ 700 3000
200 1 J[JIHL 0 500 ¢ L 600 .
150 - L 400 500 800 ¢
| L 300 400 600 H
100 5 3 200 £ 300 ¢ 400
50 v, B 200 -
: SN L 100 L 100 200
] L]
() ,lflflflflfxfxflflj l]l | () ;1.,1,|,.1-F:L_| Ll A | () - R | BT U - - 1y PR |
0 2 4 6 0 ] 2 3 2 3 2 3
— Clean
Irreducible background Cleaner
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LVF searches at 7 — ¢ factory

ISR bkg to 7 — v reduced at 7—c factory

» 7 — py background from ISR photon + SM 7 — pvv decay

» at 7 — ¢ factory, ISR photon has lower energy than the photon from 7 — pu~y

» H.Hayashii, “Search for = — p /ey at the Super-r-charm Factory”,
Tau 2008 Workshop Satellite meeting on the Super r-charm factory

= 7( : :
250 F 10.58 GeV r;u)((;) - 5 GeV 200 425Gev| oo f 2 GeV
200 ¢ WL' HH ) E Lm”\ oo 1000 5
200 ¢ l Mﬁw 500 L 0 0
150 - ‘L 400 500 800 1
100 F 5 300 400 = 600 H
00 ¢ ! 300 -
B 200 £ o 400
20 LA 100 " 100 ’ 200
AR
{) ,1f1f1f|f1f1f1flij l] | () fl.,xflf.i-i_b_l L1 |] A | () ! Lo v ab e s 0 T 1
() 2 4 0 1] ] 2 2 3 > 3

Q) With such a clean signature for low energy — is there
any gain from polarisation?

Alberto Lusiani, Marcin Chrzaszcz Tau Physics at a tau-charm factory December 2, 2012 5/6




Other Tau Physics topics at a 7— ¢ factory

Other Tau Physics topics at a 7—c factory

» references:

» Physics at BES-III, J. of Modern Physics A24.1 supp (2009),
arXiv:0809.1869 [hep-ex|

» “A PROJECT OF SUPER c—7 FACTORY IN NOVOSIBIRSK",
Conceptual Design Report, 2011, Budker, Novosibirsk

» improve lepton universality tests (tau mass and leptonic BRs)

» close to threshold, it is possible to tag a single tau hadronic decay with
2m; Epad = mg + mﬁad

» measuring hadronic BRs and spectra one may optain the most precise
experimental measurements of ag, V,s and mg

» study of the Lorentz structure of the leptonic decays (EW test)
» CPV in tau decay (both rate asymmetry and angle differential asymmetry)

Alberto Lusiani, Marcin Chrzaszcz Tau Physics at a tau-charm factory December 2, 2012
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CPV

» 2 routes to CP violation in tau programme:

» tau EDM

low lumi measurement by Belle from

» CPVin decay

Recent results from Belle and BaBar in 7 — ngu

» Ideally would be useful to have some studies in this area.
» Should investigate the benefit of polarisation here.

Adrian Bevan: QMUL



Thanks to Mike and Hayashii-san: see the Physics of the B Factories Book, section 20.5 oh
WQf

Tau EDM

» Introduce a CP violating term in the effective Hamiltonian:

§
H——dE-g.

» Look for the interference term

M? = M3y HRe(d)) Mpe + Im(d)) Mpm |+ |dr|* M2z,

—

(b) 1

(10"® ecm)
N
Z N\
O
N—t
(10" ecm)
o
(@)

(@]
—o—
—o

—
|
10
Im(dr)
(@]
H—e—+H
h—ea—
o

Re(dr)
l
I
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Mean

55 88 ¢ &8 E g

s threshold competitive with®™S running?

Adrian Bevan: QMUL K. Inami et al., Phys. Lett. B551, 16-26 (20031)68.5
hep-ex/0210066.



Thanks to Mike and Hayashii-san: see the Physics of the B Factories Book, section 20.5 oh

Ya¥
Tau CPV in decay

» In the SM CPV in tau decay is absent

» BaBar looks for a time integrated asymmetry in the full data

set. r'irt - K2ntv,) —I'(t— — Kon~v,)

A =
P Tt S Kyntv.)+I'(t— - Kn~v,)

» Finds a —-0.36% asymmetry - compatible with the SM at 2.8c

» Some new physics models have subtle effects that are
integrated over in the above asymmetry... can look at helicity
angle distributions to extract more information.

Adrian Bevan: QMUL



Thanks to Mike and Hayashii-san: see the Physics of the B Factories Book, section 20.5 h

Ya¥
Tau CPV in decay

» SKkipping the details [see PRL 107, 131801 (2011)]
» Result obtained is compatible with SM.

a 015
a [T vKse (a)
0.1- —l— data

| —&— control sample

0_053_ —y— MC with Im(n_=0.1)
——V—

-0.05

-0.1-

1 | 1 1 1 | 1 1 1
0.8 1 1.2 14 1.6

W (GeV/cH)

Adrian Bevan: QMUL
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Thanks to Mike and Hayashii-san: see the Physics of the B Factories Book, section 20.5 oh

Ya¥
Tau CPV in decay

» SKkipping the details [see PRL 107, 131801 (2011)]

» Result obtained is compatible with SM - but can be related
to the charged Higgs sector in MHDM's.
U

4001
3505H
300} \-

250/ S

M, (GeV/c?)

200} Q

1501

Here X and Z are complex couplings, related 1001 o
to the measured asymmetry via 7). 50l

M2 - X*7 0(; 10 20 30 40 50 60 70 80 90 100
H* \/Im(XZ*)
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YaY,

Tau Precision

» Many interesting measurements to be made ... a few ideas
to look at:

Precision measurement of |V | using tau decays to final states with
kaons (theoretically cleaner than the standard kaon decay route)

Starting points: the physics white paper, Stahl, and the Physics of the
B factories book tau chapter (if you are on BaBar or Belle you have

access to this, otherwise should be publicly available by end of spring
2013).

Adrian Bevan: QMUL



Electroweak

precision




R

» Now that the Higgs has been measured, precision EW tests
such as sin“6,, measurements are NP tests.

» See the talk by Mike Roney in the physics parallel session.

0_25 T IIIIIII T IIIIIIII T IIIIIIII T IIIIIIII T IIIIIII T IHI T IIIIIIII

- | —— existing measurements
| | =—— future measurements (anticipated uncertainty)
0245 |- | == SM (MS scheme including higher orders)

curve by Jens Erler e + e _ — CE
024 SLAC E158} JLab Q"‘(P)I NuTev A i +
- g e'e —  TT
2= i Cs APV A Py
0235 — MESA: 0 ~4e-4 _|_ — _|_ —

g
9
l

=

=

Polarised electrons possible at
P(3770) if boost kept below ~0.6

Z-pole
semi-leptonic

llIIIllIIIIIIlIIlllIIllI

023
= V-pole leptonic
Need to evaluate precision at that
| energy
0'225 il NN Ll Lol 1 IIIIlIIl 1 IIIIIII| | IIIIIII| L1 Lt
0.001 0.01 01 1 10 100 1000

Q [GeV]
Plot adapted from QWeak proposal (JLAB E02-020)
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Spectroscopy

In addition to conventional spectroscopy




Conventional spectroscopy

» A question to the machine experts:
What is the maximum energy that can be reached?

Unless we hear otherwise we will assume 4170 (for T and D)+ 10%,
so a maximum of 4587 MeV comes for "free” on paper.

» It would be useful to be able to reach 4660 MeV

[s this realistic from the machine design point of view?
What are the additional RF cost implications for such a target?

Adrian Bevan: QMUL



WQf

Dark Forces?

» Overwhelming astrophysical evidence for dark matter with
several possibly related anomalies:
Rotational velocity of spiral galaxies,
Integral's 511 keV y excess,
PAMELA rising e* fraction, FERMI, DAMA/LIBRA results,

Fermi results now much more precise
WMAP data ... than PAMELA (see ICHEP 2012)

e Woskalorko and Song. AU 3

o PAELA

! * M3 Rotational Velocity | INTEGRAL,Astron.Astrophys. 441 513-532 (2005)

0.08—

0.06—
0.04—
Eio

<
——
Lo b b b b b B e B |

L ' + .
b B b b B b b B e

L 1
1 10 10?

Energy (GeV)

Rubin & Ford,AP] 159 379-403 (1970) PAMELA, New J. Phys. | 1 105023 (2009)

» This motivates ongoing searches for SUSY at the LHC and light

scalars and dark sector particles at B Factories.

Adrian Bevan: QMUL
Bevan, ICHEP 2012



WQf

Dark Forces?

» The need for dark matter is well understood - but this is part of

the solution. e.g. R. Essig et al.
. [PRD 80 015003 (2009)]

4 3 4

Dark Sector

Standard Model u(1), u(1), G
D
SVED CU P UL I AVAVAVAVAY CVAVAVAVAY
£ Higgsed: Wy, hy, ...
OR

X ) ponﬁned: fp, Wo, -..

MeV - 10 GeV low energy dark sector:

= MeV scale dictated by interpretation of INTEGRAL data:

YY — eTe” vs. XX — XX — xxete”

* Natural dark sector mass scale of O(GeV) for ~TeV scale DM.

Interaction with SM matter through kinetic mixing &, and
we want to constrain the coupling g, and/or €.

» B factories are a good place to look for dark forces: so is KLOE

Adrian Bevan: QMUL
Bevan, ICHEP 2012



WQf

7 _
Dark Forces: etem — AW (W — A'A)
Accessible final states depend on Al < AN
mass of A’
e h' < & g
Can search for dark Higgs (h') A -c.:
and dark photons (A"). T
e.g.see: PRL 108,211801 (2012 e
g (2012) £+£—
N.Arkani-Hamed et al. 3 i -
[PRD 79 015014 (2009)] s 107 E;
10} ~
B. Batell et al. =
[PRD 79 115008 (2009)] 107 & -
[PRD 80 095024 (2009)] ’ -
10°® —
Bjorken et al. . I i
[PRD 80 075018 (2009)]
101 my=1GeV
see—my=3GeV =
R. Essig et al. o S O, T asTS0V ]
[PRD 80 015003 (2009)] 10 107 T cew

Adrian Bevan: QMUL
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Dark Forces?

Accessible final states depend on
mass of A’

Can search for dark Higgs (h")
and dark photons (A").

e.g.see: PRL 108,211801 (2012)

wQf

ete” — AW (W — A A)
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Interplay

Are the observables playing nicely together? ... or is there a
new particle on the block?




Interplay

» Many years of effort by theorists and experimentalists went
into understanding how to test the SM and decode NP...

Observable /mode Current LHCb (2017) SuperB (2022) LHCb upgrade Theory
Luminosity ~1fb7? 5fb! 75ab 7t 50fb~!
7 Decays
T =y
T— ey
By,q Decays
B — v, pv

B — KWtyp
Sin B — Kn%
S (other penguin modes)
Acp (B — Xo7)
BR(B — X,7)
BR(B — X,I)
BR(B — K®iI)
B, Decays
Bs — pp
Bs from By — Jhp ¢
Bs — vy
ag
D Decays

Mixing parameters
CP Violation
Precision Electroweak
sin? @y at 7(45)
sin? Oy at Z-Pole

Observable/mode  Current LHCb (2017) SuperB (2022) LHCb upgrade Theory
Luminosity ~1fht 5fh? 75ab! 50fh~!
[ 5

B from b — ces
By — Jppn®
B, — JWK®

y

[Vis| inclusive
[Vas| exclusive
|Ves| inclusive
[Ves| exclusive

2997
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Interplay

» Many years of effort by theorists and experimentalists went
into understanding how to test the SM and decode NP...

Observable /mode Current LHCb (2017) SuperB (2022) LHCb upgrade Theory

Luninosity vl ol Tl s Some relation back to the original programme,
Ty . .

T S but there is a lot more still to explore

B — v, pv Y

B — KWtyp
Sin B — Kn%
S (other penguin modes)
Acp (B — Xo7)
BR(B — Xv)
BR(B — XJlI)
BR(B — K®iI)

B, Decays
Bs — pp
Bs from By — Jhp ¢
Bs — vy
ag

D Decays
Mixing parameters
CP Violation

recision Electrowea.

Ii

sin? @y at 7(45)
sin? Oy at Z-Pole

Observable/mode  Current LHCb (2017) SuperB (2022) LHCb upgrade Theory
Luminosity ~1fht 5fh? 75ab! 50fh~!
[ 5

B from b — ces
By — Jppn®
B, — JWK®
y

[Vis| inclusive
[Vas| exclusive
|Ves| inclusive
[Ves| exclusive
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Theoretical uncertainties?

» Input/thought/work is needed on this over the coming
months!

» A first basic view:

Semi-leptonic decays can be calculated rather cleanly on the Lattice,
and the community is starting to actively purse this endeavour.

Would be nice to have a review from Vittorio or one of the other
experts at a future meeting.

Some decays have tiny SD and LD contributions, so are clean to
interpret: e.g. D> Xvv.

Others have hadronic uncertainties that will require some
experimental and theoretical work to improve the understanding.

Adrian Bevan: QMUL
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Some highlights

e Charm:

— Time-dependent charm searches for NP

— Time-integrated CP violation in D — w+x?

— Dy — fv

— Dy — Xvv and Dy — X£14~

— DY — K%h*h~ strong phase difference Dalitz map measurement
— D% - KKnm T-odd asymmetries and NP search

— Ip,

— |Vea| and |V
°T:

- T — Uy, €Y

— 7 EDM

— CPV in 7 — K%rv (and other final states)
— CPT test (lifetime and mass)
- |VuS|

e Precision EW:
— sin® By for ete—, ptp~ and ce
e Spectroscopy:

— Collect /Understand X, Y, Z samples - to explore
— Search for dark photons and dark Higgs particles

Most (perhaps not all) have
been mentioned in this talk.

This is the beginning ...
Is it sufficient to form a case

for support?
... probably.

Adrian Bevan: QMUL



and some work to do ...

Observable Precision / ab™!
Charm: D°, D*
Time-dependent charm searches for NP
Beers (D' — KK, 7r) 1.4°
dmix (DY — KTK™) 1.4°
dmrx (D° — Kgn®) Can be done - precision tbd
Acpin D — xtm’ ~ 1073
Acpin D — Vy ~107%
D — vy ~ 107" (~SM value)
D" — K2h*h~ strong phase difference Dalitz map measurement ~1°
D" — KKrr T-odd asymmetries and NP search ~2x107*
D" - eve, utu, ete. ~ 107"
D" = X¢te ~ 107"
for 277
asL 20%
Ved| 777
Charm: D,
D, — fv 77?
D. — Xvvand D, — X¢£T¢~ 777
fp. 277
\Ves| 777
-
T — py, ey ~ 107"
T EDM 277
CPV in 7 — K%zv (and other final states) 777
Vs 277

Precision EW for sin? Oy

eTe” —ete” 777
eTe” - utu 777
eTe” — e 777

W

What about:
Charm Mixing sensitivity
(threshold only)?

Majorana neutrino related modes?

+ Expect that other issues will be
raised during this week.



To be investigated

» How do systematic errors scale?

» What about the onset of backgrounds for clean
measurements?

» What are the machine backgrounds:
Needs to be studied in detail

» What should the detector look like:

See Francesco's talk later

Adrian Bevan: QMUL



What energy(ies) should be run at? W)
(and for how long?)

» Not straightforward to answer: some compromise is
required: assume 5 years nominal running.
Use physics programme as a guide, starting from the following

estimate: R _
R 2 P(25) ]

o | Mok E

~3ab~! at the Y(3770) b et E
~4ab! at other energies £ b ;Eﬁgin E
(assume 4.03-4.17) E | ; oS 15
Would be useful to also EL JU! i R | IJQ ]
runat: 4260, 4350, 4660 Bl .| E

for spectroscopy.

_ o These energies would be optimised for
Need to discuss feasibility

charm (D), but good for tau as well.
with machine folk

» Remember that nothing is set in stone

Adrian Bevan: QMUL



What energy(ies) should be run at? W)
(and for how long?)

» Not straightforward to answer: some compromise is
required: assume 5 years nominal running.
Use physics programme as a guide, starting from the following

estimate: ,
[ T I T T T | T ]
C J P(2S5) ]
6 4 MarkI -
~3ab! at the W(3770) b [ Yot E
. C ® PLUTO ]
~4ab! at other energies £ O DasP :
4 — % Crystal Ball —

(assume 4.03-4.17) B
Would be useful to also - iJU, { !IJ l'JW ]

run at: 4260, 4350,4660  F—o—ii gl

A short run at the ljJ(ZS) (v. low lumi from the

* BES \

for spectroscopy.

N _ feasibili
eed to discuss feasibility SuperTC perspective) could give a lot more

with machine folk data to analyse than is available at BES III.

» Remember that nothing is s
This depends on beam energy spread of the

o machine - don't know what is possible here...
ria -




What energy(ies) should be run at? W)
(and for how long?)

» Not straightforward to answer: some compromise is
required: assume 5 years nominal running.
Use physics programme as a guide, starting from the following

estimate:
CM mass o (nb) Number of events/ab™' (x10°)
~3ab™latthe Y(3770)  Jj/y 3.097 3400 3400
~4ab~! at other energies 77~  3.670 2.4 2.4
(assume 4.03-4.17) p(25) 3.686 640 640
D°D° 3770 3.6 3.6
DTD~  3.770 2.8 2.8
J/W and Y(25) listed rtr= 3770 2.5 2.5
for completeness D.D,  4.030 0.32 0.32
D.D; 4170 1.0 1.0
T~ 4.25 3.6 3.6

» Remember that nothing is set in stone

Adrian Bevan: QMUL
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Estimated yields

» Aim for 7ab~! at near/charm threshold (c.f. 500-1000fb™1)

» SES quoted for perfect reconstruction, no background: i.e this is
as good as it ever gets:

Reality is probably an order of magnitude off of the SES numbers quoted
below

Number of events in 7 ab™! (x10%) SES (x10~9)

D°D° 25.2 _0.04 Expect an SES of ~0.4-4e-9
DtD~ 19.6 go 05/ for rare decay searches.

: 80. A
TTT 21.9 g 0.047
D.D. 2 94 ~0.44 Needj tob be in(\j/es;ige?ted on
D.D, 70 0.14 a mode-by-mode basis.

These samples are massive compared to anything else collected at
threshold. "t~ sample ~1/3 of a 4S machine like SuperB.

Adrian Bevan: QMUL
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A personal interpretation

» I think that there is a lot of good physics that can be done by
a Super’LC.

» A first pass at compiling a list of main measurements can be
done from this talk... but this is only a start

» It obviously will need to be refined in the context of the
machine and the detector.

That discussion needs to be started: See Francesco's talk after coffee.

» Can form the basis of an experimental programme if there
is a community interested in the physics AND if the
timescale of any new project is appropriate.

Adrian Bevan: QMUL
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Next steps ... ?

» Initial formulation of the physics programme g‘{;

Compile a list of theoretically clean (or controllable) observables that =

can test NP and the SM. T

List the state of the art in terms of theory/Lattice to support the §

above list where available. 2
Highlight models of NP that can manifest large effects.

» Longer term view %

The Lattice roadmap a la SuperB should be revisited. 3

-

The job should be easier for a SuperTC, but one should check that 03

everything required is covered. °

Other theory errors should be interrogated. g

Simulation to refine understanding of the initial programme view. i

o

Adrian Bevan: QMUL



Some Background Reading

The following slide is intended to be used as a starting point for
anyone whishing to better understand the potential programme




WQf

Our documents Please note that this is a partial
CDR (arXiv:0709.0451) list of potential references, due to
SuperB White Paper (arXiv:1008.1541) time constraints it has not been
SuperB Physics note: SB-PHY-2012-20 possible to develop a more

BES III Physics Book (arXiv:0809.1869) Lcomprehensive bibliography.

KLOE 2 Physics Book (arXiv:1003.3868)

Novosibirsk SuperTC

( )
Stahl's book on tau decays

Physics of the B Factories chapters on charm and tau

This is not yet publicly available: but BaBar/Belle collaborators have
access to this text: expect it to be public March/April 2013.

+ references cited throughout

Adrian Bevan: QMUL



Additional material

A collection of "back up slides" that may be useful as a
reference for people interested in exploring further.




Introduction

» Whatis rare?
CLEO-cat {y(3770): 0.8fb~! (~3.2x10° D pairs)
BES Il at Y(3770): ~10fb~! (~40x10° D pairs)
SuperB at Y(3770): 500fb~1 (~2x10° D pairs)

Two large jumps in data samples could change the perspective on rare
decays with time ...

Superb will approach a single event sensitivity at ~10~°

BaBar/Belle at the Y(4S): ~0.5-1ab™! of data [0.6-1.2 x10° events]
SuperB/Belle II at the Y (4S): 50-75ab~! of data [60-90 x10° events]

Rely on D* tagged mesons, not always the best (but with 50 times
more data than at threshold)

LHCb:

Vast numbers in a hadronic environment: good for charged track final
states if channel can be triggered on efficiently.

Not so good with neutral final states (v's, y's, m%s etc.)

Adrian Bevan: QMUL
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Neutral final states
D — 7979
D — vy

Adrian Bevan: QMUL
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D — 797Y

» Not particularly rare... but

Input to the Isospin analysis required to constrain penguin pollution
for the TDCPV measurement of m*nt~ (see Brian Meadows' talk).

Also background to other rare decays (would be nice to determine
this a bit more precisely).

B(D° — 7% = (8.04£0.8) x107* (CLEO)

1631105 019

2000} T’ ] 5ol 50 " | ¢ CLEO recorded 500 events in a sample
__k A of 0.281fb!.
e 0 0 e £~30%.

2000F

e |oooolt ™ e POOfREET™ | o but dominated by systematic
.__k N uncertainties (comparable syst. & stat.

Events / 0.5 MeV

el €rrors).
1.84 1.86 1.88 . . .
* Some improvement possible, but will be

dominated by the ultimate systematic
errors achievable.

t Js000}

0
1.84 1.86 1.88 184186188
Mass (GeV/c?)

Adrian Bevan: QMUL
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» CLEO data pRrL 90201801 (2003) using 13.8 fb-! of data.

Candidates / 0.5 MeV

3351102-001

300 1 T T 1 l T T T 1 l T 1 T T I T T T T l T T T T
o50l- (2) e D'c’n)x* Data
200 |- — Do(nono)n"' MC
—— Fitto Data
|
so- (P) o Dyy)wtData -
a0l CLEO — D%(yy)a" MC Bkg _|
—— Fitto Data
30+ * —
20 |- 14y + | +
ol AP Y
- | | | |
0 0.005 0.010 0.015 0.020 0.025

Q (GeV)

* Measured yy/m°n®°

* Current value reported in PDG
<2.7x107

* Measurement used D* tagged
events from the 4S data sample to
isolate signal region.

* Systematic uncertainties
dominated by mand y
reconstruction efficiencies.

Adrian Bevan: QMUL
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Rare Leptonic decays
D — (10~
D — ulti—

Adrian Bevan: QMUL

From Bevan @ Charm WS 201 |



WQf

D —s ufT ¢ : The DO result

» DO searched for ¢ — up™u™ transitions: PRL 100 101801 (2008)

Vetoing the resonance however shows no evidence for signal...

15 ————

D@, 1.3fb™" DO place an upper limit on this
| channel of (excluding the ¢):

<3.9%x107° (90%, C.L.)

[y
=]
T i T T T
|

Given that enhancement depends
on g2 of the di-lepton pair, we
want to analyse both ee and pu

Events / 20 MeV/c2
wn
e

channels.
0 I 1 1 1 1 l 1 L1l 1 li 1 1 1 1 l 1 1 1 1
1.40 1.65 190 215 240 SuperB should be able to probe
- 2 .
m(t W) (GeV/c)) sensitivities down to ~1x1078.

Adrian Bevan: QMUL
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Search results from BaBar

.

Search for Rare and Forbidden Semileptonic Charm Decays g
+ + 7% 7+ + + + + BABAR i :
X - I"I"(X_=D",D;,A) preliminary ©
Search for FCNC processes, LFV decays, LNV violating decays 3
Hadrons are either kaons or pions (protons) §:
Leptons are either muons or electrons §,.: ‘
Total of 35 decay modes analyzed e N iyfoeed
= - " Mira'e”) Gawe’] Mx'a ") jSeve’] MY ) 1Geve”)
Branching fractions normalized to D” and D "to ¢m” or A_to pKn -
: 3 Oekee 1 DK § DeKue
No observation of new signal, improvement over previous results £, B
L= : Bl
1 [ Y % D' z -

. f.".':‘:-w{\ Pl
Di—~Ku'e'

Most significant signal :
2.6¢ (stat. only) ¥

.
L2 N2 13 IW oy

.&+ * - ‘ 7. - 2 Sl ‘ . k Whe'e") Gevic’) N2 1ewe’] ’3;;.-?&\:.:'1
i " i N
ey eI o s’y cer iy _ Limits on branching fractions between 1 x10° and 44 x 10°°
June 232011 R. M. White, ICPP-II 2011, Istanbul, Turkey 14

Adrian Bevan: QMUL
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D — uwlti™

» Exclusive BRs:

7\
Channel SuperB Sensitivity BR (th.) UL (expt.)
D° — 7% * e 2x107® 0.8x107% 4.5x 107° (CLEO)
DY — atete- 1x107® 2x107® < 3.9x10°% (D0)
D° — 7le* T 2x 1078 -
DY - h £t (h=mK) 1x1078 - < 3.6 x 10~ (CLEO)

DY - h e*uT (h=mK) 1x1078

< 3.4 x 10~° (CLEO)

D'->m" e’ e

1074

106 | SD+LD

1078

(1/Tg) dr/dmg,? [GeV™2]

10-10

-~ —

0.0

1.0
Mee [GeVI

Adrian Bevan: QMUL

Differential rate is
dominated by contributions
from @ and w resonances.

LD saturates SD effects, but
NP enhancements can be
clearly determined (away
from resonant structure).

Burdman & Shipsey hep-ph/0310076
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D — uwlti™

» Exclusive BRs:

7\
Channel SuperB Sensitivity BR (th.) UL (expt.)
D° — 7% * e 2x107® 0.8x107% 4.5x 107° (CLEO)
DY — atete- 1x107® 2x107® < 3.9x10°% (D0)
D° — 7le* T 2x 1078 -
DY - h £t (h=mK) 1x1078 - < 3.6 x 10~ (CLEO)

DY - h e*uT (h=mK) 1x1078

= < 3.4 x 10~° (CLEO)

10'4 -

106 | SD+LD

1078 —

(1/Tg) dr/dmg,? [GeV™2]

10710 -

D'->m" e’ e
T T T I T

-~ —

0.0 0.5

1.0 1.5
Mee [GeV]

Adrian Bevan: QMUL

Broadly speaking there are 3
regions of interest:

* Low q? (below resonances)

* High q? (above resonances)

* in between resonances
(challenging?)

Easier to see NP effects away from
resonant structure.

SuperB can start probing this.

Burdman & Shipsey hep-ph/0310076
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D — uwlti™

» Exclusive BRs:

(1/7 ) dr'/dmge2 [GeV 2]

10'10

7\
Channel SuperB Sensitivity BR (th.) UL (expt.)
D° — 7% * e 2x107® 0.8x107% 4.5x 107° (CLEO)
DY — atete- 1x107® 2x107® < 3.9x10°% (D0)
D° — 7le* T 2x 1078 -
DY - h £t (h=mK) 1x1078 - < 3.6 x 10~ (CLEO)

DY - h e*uT (h=mK) 1x1078

= < 3.4 x 10~° (CLEO)

D*->1" e e

l

—SM

—-—- (D,IID

- — -V

0.5

1.0
mge [GeV]

Adrian Bevan: QMUL

Broadly speaking there are 3
regions of interest:

* Low q? (below resonances)

* High q? (above resonances)

* in between resonances
(challenging?)

Easier to see NP effects away from
resonant structure.

SuperB can start probing this.

Burdman & Shipsey hep-ph/0310076
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D — uwlti™

» Exclusive BRs:

(1/7go) dr/dmg,? [GeV ™2

1074

1078

7\
Channel SuperB Sensitivity BR (th.) UL (expt.)
D° — 7% * e 2x107® 0.8x107% 4.5x 107° (CLEO)
DY — atete- 1x107® 2x107® < 3.9x10°% (D0)
D° — 7le* T 2x 1078 -

DT — h £t (h=m,K)
DY - h e*uT (h=mK) 1x1078

1x10°8

- < 3.6 x 107° (CLEO)
= < 3.4 x 10~° (CLEO)

D%->p0 ¢" ¢

MSSM

T T I T T T T | T T T 1T

— SM
—-—- (D,IID

| 1 - | T N |

11 Illllll 1 1 llllllI 11 llllllI

1 llllllll

0.4

0.6 0.8
Mee [GEVI

=
)

Adrian Bevan: QMUL

N.B. p/ has a larger
enhancement at low di-lepton
mass.

Experimentally more challenging,
but could provide a clearer signal
for NP.

Low g? region is of most interest, so
e*e” is potentially much more
interesting than p*u-.

Burdman & Shipsey hep-ph/0310076



Final states with missing energy
D — vv(+7)
D — X, ,vv

Adrian Bevan: QMUL
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D recoil method

» Here we need to resort to D recoil methodology to
reconstruct the event.

e.g. (3770) — DD’ y

N

* Missing energy used to
discriminate signal from
background.

i  Any other particles in the
event can be used to add

pure sample of charm
decays with missing
energy.

* Use fully reconstructed
final states for this.

K~ m
Cartoon of the CM frame

Adrian Bevan: QMUL
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D — vv(+7)

» Helicity suppressed in the Standard Model

BF ~ 1.1 x 10730

The final state with a photon is much more copious: 10-14

Beyond the SM one could find significant enhancements
e.g. scalar particles such as DM candidates: PRD 82:034005, 2010.

Require either an isolated photon in the detector (), or

nothing ...
Experimentally challenging: backgrounds include
where both particles go down the beam pipe...e.g. D — K
V7Y has the added advantage of the photon (and smaller allowed
phase space for NP).
Also worth searching for the corresponding D, decays ... see next
topic.

+ Analogues for B, and K decays

Adrian Bevan: QMUL
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D — X, vv o

» Similar to the invisible decay searches...

Can perform inclusive or exclusive measurements, both sets of
measurements will provide more information to constrain NP.

Analogy with B — Xvv
Similar interest for Dy — X vv
LD contributions should be small, and SM rate is tiny
B(BT — X)) ~ 12x107%
BB’ - X,vv) ~ 5x1071°

Blgl & Paul arXiv:1110.2862 Adrian Bevan: QMUL
From Bevan @ Charm WS 201 |
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D — X, ,vv

» Similar to the invisible decay searches...

Can perform inclusive or exclusive measurements, both sets of
measurements will provide more information to constrain NP.

Analogy with B — Xvv
Similar interest for Dy — X vv

LD contributions should be small, and SM rate is tiny
B(BT — X)) ~ 12x107%
BB’ - X,vv) ~ 5x1071°

 Large enhancements possible in NP models Constrained by B and K Physics
- Up to x1000 in LHT models

* Plausibly could reach ~10-8 with SuperB at ) ]

threshold, need to study potential for D* li

tagged samples. 00

¥ mode is worth searching for as an . { ]

indication for CPV. : MTH Hhmm

Bigi & Paul arXiv: | 110.2862 Adrian Bevan: OMUL "=~ 5 &5 “h
Log,,[BR(D -» X,»v)]

400 [

300

counts




D —s ufT ¢ : The DO result

» DO searched for ¢ — up™u™ transitions: PRL 100 101801 (2008)

Clearly visible signal around resonances, however there is a lot of background...

15000 ———
. 300
L N i
> ' R
< 10000 Z
n = 200
i N i
: S~
<% L 175]
> N
=2 5000 s §
I 2 100
Clear signals for D* and
[ D, for the ¢ region
o v [ | N U R
040 065 050 LIS 140 140 165 190 215 240
+ - 2
m(u 1) (GeV/cY) m(t 1) (GeV/ed)

CLEO, FOCUS and BaBar have results on FCNC searches as well

Adrian Bevan: QMUL
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DEI;) — €+ Uy

» Complementary to BT — (T,
C A%

\%Y%
(+H'?

S

+

+
e, u

WQf

2

‘ 2
F(D+ — f+l/) — &f%{nl?ﬂv’fp+ (1 — 77122;2 > |Vcd|2
8 M2,

2
Gh 0 m? .
(Dt — rty) = =££2 20 1 e V.|
( s V) 87 ng_ my D;’ A[lz);_ | |

* Can also test lepton universality with
ratios of rates.

» Lots of excitement a few years ago because of a discrepancy with f,
from lattice ... unfortunately this was not a sign of NP.

» CLEO find:

<1.2x107%(90% C.L.)
(0.565 & 0.045 & 0.017)%
(6.42 4 0.81 +0.18)%

» which are compatible with SM expectations.

Phys. Rev. D79 052001 (2009)

Adrian Bevan: QMUL
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Summary

» Indication of luminosities required to reach 0.5% statistical
precision on different modes vs. precision at 500fb1:

Channel Integrated luminosity Integrated luminosity precision with 500fb~?
(fb™1) (fb™1) (% stat.)
D’ - K~ et 1.3 33 0.03
D’ - K* etve 17 425 0.09
D° - et 20 500 0.10
D° — petve 45 1125 0.15
DT - K% "v. 9 225 0.07
DT — K*%Ty, 9 225 0.07
DT — 7roe+z/e 75 1900 0.19
Dt = pletu, 110 2750 0.23
DI — detve 85 2200 0.21
Df — Kletw, 1300 33000 0.81
DI - K*%Ty, 1300 33000 0.81

Adrian Bevan: QMUL
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Summary

Channel Sensitivity  » (reat potential to search
D°— ete, D° — ptp 1x10™  for NP and understand the
D? — miefe”, D — mutp~ 2> 1078 rare branching fractions in
D’ — nete”, D° — qutpu~ 3% 1077 h 5

D° — Kete, D° — Kgutp~  3x107° charm.

Dt —wfefe”, DY — nfpfpm  1x107° ) Threshold running will give
SuperB another angle, and

D° — e*pF 1x10°8 : .y

D — whetyT | 10-8 make it competitive

DO — n0c* 7 9 % 10-8 compared to the previous

D° — npetyuF 3% 1078 generation.

D — Kge*pu* 3x 107 Was not always the case with
4S for BaBar and Belle.

Dt — metet, DT — K etet 1x10°8

Dt —aputpt, DY - K ptpt 1x1078

Dt — m e*u¥, Dt — K- e*pu™  1x1078

Adrian Bevan: QMUL
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Summary

» A number of interesting rare decays to study

In many cases can complements searches that can be performed at ¢ and
Y (4S) resonances.

Provides a clean environment to study low multiplicity states:

Help understand the detector hermiticity for more complicated
environments such as Y(4S) and Y(5S).

Correlations between decays need to be understood
i.e. what can we learn about NP from this set of modes.
& where do long distance contributions wash out NP effects?

Many interesting decays have been ignored, and quite a few discussed
here need to be studied in detail on SuperB

If people want to work on this area, extra effort would be welcome.
... lets start the discussion.

Adrian Bevan: QMUL
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Prospects for Observing CPV in Mixing

» Best strategy may be to improve precision in x, & v, - say to
0_M0 P 2_ Dependence on decay mode
D°-D” asymmetries ~ lg/pl*-1 would indicate direct CPV?

» Several possibilities for this exist. Most likely are:

LHCb (or CDF, Atlas, CMS ?) LHC is performing extremely well !
Super B factories Machines are on the way !

» Arather safe estimate for performance can be made by using Babar as
basis to project to integrated luminosity of anticipated for
SuperB (Similarly for Belle and Super KEKB)

» We can also speculate on what might
accomplish

'See SuperB white paper: )

Adrian Bevan: QMUL
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CPV Parameters Iqp/pp |, o=Arg{a/p}

Py Decay  o(lq/pl) o(dn)°
» Several strategies: A ey
) Global y? Fit to all modes: +18 +9
Current World Averages (HFAG): | (HFAG- direct CPV allowed)
Asymmetries a.:
0. 0 . x <All modes> +1.8 -
DO- DY parameter asymmetries: Y <All modes> +1.1 -
a = (z,-z)/(z,*+z) ~ |ql?-|pl? Yor KYK~ +3.8 -
.= @2)/(z.42) ~ [l N R dss -
where z is x,y, X', y’, X", y”, X2 z'2 K+n— +4.9 -
= Ktr—=0 +5.4 ~
y” Ktnr—=0 +5.0 —
. . Model for A K.hth— +8.4 = =0
Time-dependent amplitude g s
Ivsi Pf Gold E | —» | BES III DP model K.h*h— +3.7 +1.9
alnialy/ ks Ol ke@llelsin EnelninEk SuperB DP model Kshth— e +1.4
Semi-leptonic asymmetry 75 ab~ ! at Y(4S) Xt 110
|-|a/pl* — | 500 fb™ ! at +(3770) Kn-Kn +10
a5 = I-|g/pl* 500 fb™! at 4(3770) Xty 77

Improve present precision by order of magnitude

Also improve distinction between decay modes ~ 5%

Adrian Bevan: QMUL
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What About LHCb (10 fb-1) ?

Decay Mode BABAR SuperB/Belle LHCB
(480 b~ 1) (75 ab™ ') (10 b~ 1)

KTK~ (D*-tag):

N (Events) 88 x 103 13.7 x 106
Aycp (stat) +3.5x 1073 | 0.28 x 1073
KTK~ (no tag):

N (Events) 330 x 103 51.4 x 108
Ayep (stat) +2.3x 1072 | 0.19 x 1073
Ktn—= (WS):

N (Events) 5.1 x 103 0.79 x 10°
Ay’ (stat) +4.4x 1072 | 0.31 x 1073
Az'? (stat) +3.0x 107* | 0.21 x 1074

At 69 pb! it is at ~10xBaBar

In channels like D°=>h*h-
G.Wilkinson P. M. Spradlin CERN-Ihcb-2007-049.

P. M. Spradlin (2007),Arxiv: 0711.1661.

Adrian Bevan: QMUL
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Time-dependent CP asymmetries in D and B decays

A. J. Bevan and G. Ingugla
Queen Mary, University of London, Mile End Road, E1 JNS, United Kingdom

B. Meadows
Uniwversity of Cincinnati, Cincinnati, Ohio 45221, USA
(Dated: October 13, 2011)

We examine measurements of time-dependent CP asymmetries that could be made in new and
future flavour facilities. In charm decays, where they can provide a unique mnsight into the flavor
changing structure of the Standard Model, we examine a number of decays to CP eigenstates and
describe a framework that can be used to interpret the measurements. We make a preliminary
assessment, based on statistical considerations, of the relative capabilities of LHCb with data from
pp collisions, with Belle IT and SuperB using data from By, By and charm thresholds. We discuss
the measurements required to perform direct and indirect tests of the charm unitarity triangle
and its relationship with the usual By triangle. We find that, while theoretical and experimental
systematic uncertainties may limit their interpretation, useful information on the unknown charm
mixing phase, and on the possible existence of new physics can be obtained. We point out that,
for By decays, current experimental bounds on Al'g, will translate into a significant systematic
uncertainty on future measurements of sin 273 from b — ¢@s decays. The possibilities for simplified
B, decay asymmetry measurements at SuperB and Belle II are also reviewed.

ArXiv: 1 106.5075v2
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Why is this Interesting for D’s Too ?

» Bigi and Sanda (hep-ph/9909479v2) pointed out there are
six unitarity triangles and that (in addition to and )
two other angles, 7. and [>. should be measured if possible.

LHCD is already working on 3, using B, ->1¢(f,) decays.
SuperB and Belle2 should also be able to study B, > ym() at Y(5S)
» We explore, for first time, potential to study the
triangle.
[t is unlikely we can measure .(<0.1 degrees) to high precision
However, a larger value would signify new physics.

» A analysis can also measure ,,, the mixing phase,
whose HFAG average value is

» The mixing angle is intrinsically of great interest.

Adrian Bevan: QMUL
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CKM Predictions

» A number of CKM predictions are compared to observables
e A My, A M, BF(B—7v), alpha, sin2p, y, V,, lattice, ...

Fits to measured values give values for CKM parameters:

UTFit CKM Fitter

A 0.22545+0.00065 0.22543+0.00077 .

A 0.8095+0.0095 0.81270 0 sin2(} ~3c low
p 0.135+0.021 = @@—————————— _ BF(B—tv) 2.70 high
n  0.367+0.013 ~ @———————————

p  0.132+0.020 0.144+0.025
n 0.358+0.012 0.342 +0.016 arXiv:1104.2117 [hep-ph]

We take simple averages of two fits to predict cu triangle.

» Itis important to check the CKM paradigm for up-type
quarks as it has been in down-quark sector.

Adrian Bevan: QMUL
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CPV and CKM

» CPV requires weak phases -in SM these come from CKM

qu Vud V'u,s Vub .
Vs = | Vea Voo Vo Usually use Wolfensteln. parameters
W Via Vis Vio (6.=Cabibbo angle)
\Y, Expand in powers of .
dq There are 6 unitarity triangles — most common is il
» Buras parameters [Phys. Rev. D50, 3433 (1994)]
- EnSure unital”ity Of ”bd” ﬁ:p(l o A2/2 + O(A‘l) Coordinates of apex
triangle at all orders in A 7=n(1—-2%?/24+ O0(1\?) of hd triangle
» For charm decays, most interest is in “cu” triangle.
Phase in 1 _0’\2//2 - /\‘_4/,8 ,, A ,, AN(p - iﬁ)()H | |
appears at M AN[1-2(p @ 1-X2-X(1444%)/8 AN - O(_)\ﬁ)
order A= (p+if)]  -AHANL-2p4am))2  1-AD)2

» NOTE - phase of V , is still y despite /. term
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Unitarity Triangles from CKM Fits

Vv

U

bd triangle

(81
VJqub G
Y
VoaVeb
Vi Ved + Vi Vg + V5T teigingle
VyaVed e
V ‘/Cb /8c —

IBC @_ Ye

VJS VCS

Vb + VogVey, + VigVip = 0

ViaVyy/VuaVy,| = (89.4 4 4.3)°
| chb/Vch*] — (22.1 + 0.6)°
(VaaVi/VeaVi] = (68.4 4+ 3.7)°

NOTE that
Y.is equal toy
o+ v, ~90°

l

(VA Vep /VE Ves| = (111.5 4 4.2)°
(V¥ Vea/ V. Ves] = (0.0350 £ 0.0001)°
(V. Vep/ V. Vea] = (68.4 4+ 0.1)°
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Constraint on cu Triangle ?

4

1+ A2/\5(,6-|—iﬁ) 1.00025 + 21.00062
= 1. 11. : .
A—X3/2—\3(1/8+4 A2/2) Lengths of sides:
CKM Uncertainty

V.4 0.022%

V.|  48%
Vol 1%
Vol 32%
V.| 1%

Vel 35%

/'

Might improve SL decays of D,
with run at D, threshold ?

— Some measurement of 7 is needed to test CKM
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Decays to CP Eigenstates

» For decays to CP eigenstates, strong phase o in /., is zero

Several amplitudes could,
however, contribute to the
decays.

* Some information on the
magnitude of P, the penguin
contribution can be
obtained from an isospin
analysis if all charge modes
have well measured BF’s,
including neutralmodes
nor%, p%° and all the pm
modes too.

This is best done at the
electron machines.

Tree

Topology

d
L —/ i
W_< ;
. ] %
b u v
N W-exchange u
N s Topology d
[4

i(¢,+4,) i( st 0,)

+ ‘CS| sT0) e(id>q+6q)

Tl]e

d

Wl ey 3
d

¢ w Y
w ]
< Gluo;icP—engu—ir\ v
Colour Suppresseh Topology .
Topology

1
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DY = f., Decay Amplitudes

» To order /.° these are:

A3 1 A%\ . Real
ViV, = A——=—|z+—= |\
B 2 (8 i 2 ) Phase is
‘ 2)\4 ‘ (1 ‘ ‘
‘/c.s u%(l — 1_>\2— AQ)\ "‘AZ)\G 5_15_27_]_7_]2_[_)2
| \3 A5 A2)\5 . Phase is
VeaVaa = =2+ 5 + 5 +——[1 = 2(p +n)
| 5, A2\ , Phase is but
VeaVis = [=N% + ——[1 = 2(p + if)

VeV, =/ AN (p + i)
Phase is vy_, but only found
in penguin amplitude
—>unlikely to be able to

Most promising ?
check that
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Amplitudes for Decays to CP Eigenstates

mode nep 1 C'S P, Wex -
D' = Kk~ 11Vl VoV ' e
D' = KK +1 Ves Vis + VedViyg
D’ —mtn” +1 VeV VegVug — VeaVia Dominated
DY - rn'x" +1 VeV VeqVig VeaVig by T with
D’ — /)+ P~ +1 ViV, VeqVig VeaVio
D" — p"p” +1 VeaVio VeqVig VeaVio
D° = ¢n° +1 VesVis VeqVaug
— f9(980)7 ~1 (e Vs + VeaViaa VeV
D? = p°x° +1 VeV VeqVug VeaVid
D — a7 -1 Ved “-"flfd """;q “""f:q “’"‘yc,d“;:d
D’ — KeKoKe +1 VesVig + VeaVis
D - KYKYK? —1 VesVia + VeaVys
D' — KYKYK? +1 VesVig + VeaVis
D’ - KYKYK? -1 VesViea + VeaVis
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Time-Dependence for DP Decays

» The time-dependences for decay rates ['(1") for DY(D°) differ

Ay ( D"Zf) CP eigenstates are also
Do " Se «g »., “ accessible to D° or D°
o fep
Mix (D°-=>D0) A (D>
[ A 1-— 2 2Im(A
I' x e 2% |cosh(yTt) + ) sinh(yT't) + Al cos(zI't) — ( sin(zI't)
_ L+ [Ag[? 1+ [Agf? L+ A

[ A 1 2Im(A
I x e 2% |cosh(yTt) + f)2 sinh(yI't) — m(dy)

cos(zI't sin(zI't)
14 [As] 14 [As]? 14 [Ag]?

» In decays to CP states, strong phase for )"is same as 1’ so

Ae — q_Af x et(Pr—29¢¢) To measure weak phase ¢,
pAr )/ A\ we MUST know ¢,
mixing Weak decay

Adrian Bevan: QMUL
From Meadows @ Charm WS 201 |



Time-Dependent CP Asymmetry
» Define this as

B r—-T (1 — |A#]?) cos(zT't) — 2Im(Ay) sin(z['t)

Acp = = — cP
r+r g (14 |A#|?) cosh(yI't) + Re(As) sinh(yI't)

» Decay to CP eigenstate dominated by single process, |/./|=1

|

r-r Im(Ay) sin(xI't)
T T+r " cosh(yCt) + Re(Ays) sinh(ylt)
» For B decay (if we assume that yv,=0 and |/,|=1) this is

CP

Acp = —ncpesin(arg Ay) sin(xI't)

\ Familiar to all
B factory practitioners

Adrian Bevan: QMUL
From Meadows @ Charm WS 201 |



Time-Dependent CP Asymmetry

» For

decay we measure CP asymmetry vs. decay time

(1—|A#|?) cos(zI't) —23(A5) sin(zl'E)

ACP:——:_

a

flcp (14 |A#|?) cosh(yI't) +R(A ) sinh(yI't)

The
that for

is almost linear in  while, for BY it
IS sinusoidal

asymmetry is much smaller than

Slope of line depends upon
Is largest at large

But as |/| grows larger, the number of
events falls off exponentially.

Adrian Bevan: QMUL

From Meadows @ Charm WS 201 |



Mis-Tagging

o Effect of mis-tagging probability
o is to reduce the DY-DV
asymmetry

o Effect of CF asymmetry in o is to =T T
shift the asymmetry. APhyS(At) B | (At) - (At)
= Direct CPV asymmetry is [Phys(At) 4 TPhys(At)
measured at t=0! So shift

= —Aw 4 (1-2w+Aw) A(At)

Is particularly serious in
this case.
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Mis-Tagging

» Effect of mis-tagging D o D° Me|§<|>n Decay »‘\lfyl'mn;%gries
. . @ nN=1; Arg[r] =~
probability o is to reduce S
S 01 - D= Agp =
the asymmetry 2 =a0=0
% 0.05 ——
1 [ S , ®=6%
> Effect of | asymmetry in of N sz
is to shift the { i
asymmetry. o
Direct CPV asymmetry is 01 [
measured at t=0! So shift is l
particularly serious in this 015 |
case B A T e R

t (lifetimes)
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Results - “as good as (they) get”

w7 | Mis-tag assumptions
> A toy MC StU'dy was g - SuperB at charm ] ® P
made to study how £ o | threshold 500 fb* T
well we might z l \‘M LI sttt hﬂﬂ‘ U:
> ol | |w ’” e 'Flw |I‘ ‘
measure 2 !WH
Events were ﬁ } ; B AR A ':1
generated with the ! sSLtagginng ] SuperBat Y(4S) 75ab D'= fc
distributions T'(A t) oo 4
and I'(A t) o
- ;
Perfect time f CPZTT T :z
resolution was oo
assumed .

» Unbinned likelihood
fits were made to
study

Numbers of events scaled
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Results - “as good as (they) get”

» The K*K" mode is dominated by a tree diagram that is real.
So we expect that no direct CPV will be found here

» Therefore, this mode can be used to find
» Then mode (for which ) can give

Super B LHCb
Parameter SL SL+ K 7(49)

o(nm) = arg(Arx) |[8.0°  3.4° 2.2° | 2.3°
@(KK) = al‘g(/\]{}() 4.8° 2.1° 1.3° | 1.4°
Ocp = OkK — Oxr (947 3.9° 2.6° | 2.7°
Beefs 4.7° 2.0° 1.3 | 1.4°
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Effect of “y;” on CP Asymmetry

>

In Babar, it was assumed, in the
measurement of from
decays, that

The PDG specifies a value of

Assuming this is Gaussian we
estimate it makes a difference to
of

This is comparable to the expected

statistical precision of
measurements from both LHCb

and SuperB
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B Decay Asymmetries
Effect of y,

CP asymmetry

Part of B?
oscillation

-1.8 -1.7 -1.6
t (lifetimes)

...
“
S
S
T

S-sin2p
scale
factor

Number of paaudo-cxparmants
= = 2R
=
|

-

8

S
I

..............................
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Epilogue

We recall what lkaros Bigi has often reminded us,

» SuperB, Belle2 and LHCb, asymmetries in should provide a good
probe for CPV in mixing.

» This should also be possible for a variety of decay modes and maybe provide a clue
whether CPV is in mixing alone.

» ATDCPV measurement will be much harder for D’s than it was for
However, such an analysis brings with it an excellent way to measure the (extremely
important) D' “mixing phase” ¢,, phase using decays.

» Improved constraints on trangle sides can come from charm threshold runs.

» This can also be done at charm threshold, at the Y(4S) and at LHCb though the
former is cleaner

» Charm threshold runs will imﬁrove our knowledge of strong phases needed for all
mixing measurements (and CKM 7).

»  We also note that CKM phase measurements for B® must include better estimates for
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